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xDSLDomain-Specific Languages Gain Adoption

DevitoPSyclone

 Stencil X  Stencil Y

Targets X Targets Y

Technical Challenges
❌ Composability
❌ Code Reuse 
❌ Interoperability
❌ Longevity

Societal Challenges
❌ Disjoint Communities
❌ Lack of Knowledge Transfer

✅ Performance        ✅ Productivity        ✅ Portability
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xDSLA Shared Ecosystem for Exascale DSLs

LLVM-IR

...
Application domains, numerical methods

PSyclone Devito Other DSLs New DSLs...

Targets

Python Toolbox for building MLIR-based DSLs

Multi-level Intermediate Representations (MLIR)
permit Composable Abstractions
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✅ Performance 
✅ Productivity 
✅ Portability

✅ Connected Communities
✅ Knowledge Transfer

Collaborative Support by 
Academics and Industry

via LLVM Community

Profilers

Debuggers

✅ Composability
✅ Interoperability
✅ Code Reuse
✅ Longevity

C++
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2010

GCC

Intel ICC

Microsoft Visual C++

PathScale C/C++

IBM XL C/C++

LLVM clang

ARM C/C++

HP C++
PGI C++

GCC

LLVM clang

2023

Microsoft Visual C++
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C/C++ LLVM-IR

X86

ARM

RISC-V
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Compiler Pipelines



Compiler Pipelines

C/C++ LLVM-IR

X86

ARM

RISC-V

%0 = load %ptr
%1 = load %ptr2
%2 = add %0, %1 
store %2, %ptr3
br bb2

Intermediate Representations (IRs) 
are the central abstractions in a 
compiler.
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Compiler Pipelines

C/C++ LLVM-IR

X86

ARM

RISC-V

Swift

Rust

Julia
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Compiler Pipelines

C/C++ LLVM-IR

X86

ARM

RISC-V

Swift SIL-IR

Rust

Julia

MIR IR

Julia IR
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Compiler Pipelines

C/C++ LLVM-IR

Swift SIL-IR

Rust

Julia

MIR IR

Julia IR

Loop Schedule Tree

Polly Loops, LinAlg, Tensor Contractions
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X86

ARM

RISC-V



DSL Pipelines for AI …

Tensorflow 
Light

LLVM-IR

X86

ARM

RISC-V

Tensorflow XLA / IREE

Tensor 
Comprehension

GLOW Glow IR
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Loop Schedule Tree

Polly Loops, LinAlg, Tensor Contractions
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LLVM IR
presents a
semantic

bottleneck

C++

Backend

CPUs

Rust…

Semantic Bottleneck



How to build a Modern High-Level Compiler IR

LLVM-IR
Syntax

Domain
Knowledge

Custom-IR

LLVM’s
Data Structures

Pass-Manager

Dead Code Elim

Peephole Opts

Parser

Printer

Re-Implemented

LLVM-IR
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How to build a Modern High-Level Compiler IR

LLVM-IR
Syntax

Domain
Knowledge

Custom-IR

LLVM’s
Data Structures

Pass-Manager

Dead Code Elim

Peephole Opts

Parser

Printer

Re-Implemented

LLVM-IR
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Can we avoid this cost?



Building a Modern Compiler IR – using MLIR

Domain
Knowledge

MLIR Dialect

LLVM’s
Data Structures

Pass-Manager

Dead Code Elim

Peephole Opts

Parser

Printer Auto-generated
or
Reused

LLVM-IR
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MLIR: A Growing Number of IR Abstractions
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C++

LLVM-IR

X86

Traditional Compilation

AST

Loop-IR

Optimize std::vector

OpenMP-IR GMP-IR

LLVM

LinAlg

New: Multi-Level Rewriting

C++

X86

Python DSL

16



Defining an IR: Easy or Painful?

Compiler Experts: 
Defining IRs in MLIR is easy!

Everybody Else:
Defining IRs in MLIR is confusing!

vs. gcc, LLVM backends, … vs. Python, Domain-Specific Languages, …

C++ Template Meta Programming

LLVM Terminology
Build Systems

TableGen

17



Experiment
An SQL Dialect in MLIR

● 3m summer internship
● undergraduate student
● a simple SQL IR 

We spent most of our summer:

- Teaching TableGen
- Fixing Windows Bugs
- … but no time for SQL dialect

Teaching 100s of students in 12 weeks
compiler design with MLIR?

Impossible!
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SSA and Operations

Blocks and Regions

Dialects as abstractions

Peephole rewrites

…

      Core
      Concepts
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SSA and Operations

Blocks and Regions

Dialects as abstractions

Peephole rewrites

…

      Core
      Concepts

TableGen

CMake

C++ 
Templates

Compilation 
Time
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xDSL: a Sidekick to MLIR
https://xdsl.dev

● MLIR core concepts in Python

● Translation of programs from/to MLIR

● Translation of dialects from/to MLIR
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https://github.com/xdslproject/xdsl/


xDSL is quick to install (and use?)

pip install xdsl

xDSL xDSL xDSL
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Teaching Compilers in Python
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Coursework: A Python to RISC-V Compiler
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ChocoPy AST IR RISC-V

CW1 (30%)
Parsing

CW2 (30%)
Semantic Analysis

CW3 (40%)
Code Generation



Prototyping New Compiler Features
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Modern CPUs offer a complex µ-architecture

27Die shot by Fritzchens Fritz, Annotation from AMD Zen 2 slides at ISSCC



Linear Algebra does not require complex µ-architecture

28Die shot by Fritzchens Fritz, Annotation from AMD Zen 2 slides at ISSCC



Compute is a Power-Bound Problem
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Occamy - A NN Accelerator for Performance/Watt
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384 Snitch Cores



Snitch Cores Shift Complexity from Hardware to Software
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Out Of Order Execution

Branch Prediction

Hardware-managed Cache

Scalar Instructions

Perfect Fit for Linear Algebra Workloads

Streaming Registers

Hardware Loops

Scratchpad Memory

Packed SIMD



How to utilize the Snitch ISA extensions

32

.loop:
        fld     fa5, 0(a1)
        fld     fa4, 0(a2)
        fmadd.d fa0, fa5, fa4, fa0
        addi    a2, a2, 8
        addi    a1, a1, 8
        addi    a0, a0, -1
        bnez    a0, .loop

ISA Extensions: Standard
0.28 FLOP/instruction

double precision
inner product calculation

in RISC-V assembly



How to utilize the Snitch ISA extensions
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        scfgw
        scfgw
        csrsi   ssrcfg, 1
.loop:

        fmadd.d fa0, ft0, ft1, fa0
        

        addi    a0, a0, -1
        bnez    a0, .loop
        csrsi   ssrcfg, 0

.loop:
        fld     fa5, 0(a1)
        fld     fa4, 0(a2)
        fmadd.d fa0, fa5, fa4, fa0
        addi    a2, a2, 8
        addi    a1, a1, 8
        addi    a0, a0, -1
        bnez    a0, .loop

ISA Extensions: +SSR
0.66 FLOP/instruction

ISA Extensions: Standard
0.28 FLOP/instruction

elided explicit memory loads with SSRs

added SSR configuration

elided pointer arithmetic with SSRs

enable SSRs

disable SSRs

double precision
inner product calculation

in RISC-V assembly

elided
Standard

ISA 
instructions

adding SSRs



How to utilize the Snitch ISA extensions
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        scfgw
        scfgw
        csrsi   ssrcfg, 1
.loop:

        fmadd.d fa0, ft0, ft1, fa0
        

        addi    a0, a0, -1
        bnez    a0, .loop
        csrsi   ssrcfg, 0

        scfgw
        scfgw
        csrsi   ssrcfg, 1
        frep.o  a0, 1, 0, 0

        fmadd.d fa0, ft0, ft1, fa0

        
        csrsi   ssrcfg, 0

.loop:
        fld     fa5, 0(a1)
        fld     fa4, 0(a2)
        fmadd.d fa0, fa5, fa4, fa0
        addi    a2, a2, 8
        addi    a1, a1, 8
        addi    a0, a0, -1
        bnez    a0, .loop

ISA Extensions: +SSR
0.66 FLOP/instruction

ISA Extensions: +SSR +FREP
2 FLOP/instruction

ISA Extensions: Standard
0.28 FLOP/instruction

elided explicit memory loads with SSRs

added SSR configuration

elided pointer arithmetic with SSRs

enable SSRs

disable SSRs

loop replaced by frep instruction

multiply and accumulate
floating-point instruction preserved

double precision
inner product calculation

in RISC-V assembly

elided
Standard

ISA 
instructions

adding SSRs adding FREP



How to really utilize the Snitch ISA extensions
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const uint32_t m = 8, n = 16;

snrt_ssr_loop_2d(SNRT_SSR_DM_ALL, m, n, sizeof(double) * n, sizeof(double));

snrt_ssr_read(SNRT_SSR_DM0, SNRT_SSR_2D, x);  // ft0
snrt_ssr_read(SNRT_SSR_DM1, SNRT_SSR_2D, y);  // ft1
snrt_ssr_write(SNRT_SSR_DM2, SNRT_SSR_2D, z); // ft2

snrt_ssr_enable();

for (int i = 0; i < m; ++i) {
  for (int j = 0; j < n; ++j) {
    asm volatile("fadd.d ft2, ft0, ft1\n" : : : "ft0", "ft1", "ft2", "memory");
  }
}

snrt_ssr_disable();

1 extensive use of intrinsics

2 inline assembly



How do we target such accelerators?

36

LLVM IR
presents a
semantic

bottleneck

C++

Backend

Current Approaches

sidestepping the compiler

DSLs/
Tuned

Libraries

CPUs Accelerators

Rust…



How do we target such accelerators?
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LLVM IR
presents a
semantic

bottleneck

MLIR

Backend

Current Approaches

sidestepping the compiler

LLVM
Ecosystem

DSLs/
Tuned

Libraries

CPUs Accelerators



A Multi-Level Compiler Backend
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High-Level
DSLs

Accelerator
Extensions

Accelerator
Abstractions

Target
ISA

CPUs + Accelerators

Our Approach target-agnostic

generic accelerator

target-specific

xdsl.dev

https://xdsl.dev/


A Multi-Level Compiler Backend
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target-agnostic

generic accelerator

riscv
cf

riscv
snitch

snitch

memref
stream

riscv
func

linalg

arithfunc scf

riscv

riscv
scf

Existing Ours

Register Allocation

target-specific

xdsl.dev

https://xdsl.dev/


A Multi-Level Compiler Backend
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target-agnostic

generic accelerator

riscv
cf

riscv
snitch

snitch

memref
stream

riscv
func

linalg

arithfunc scf

riscv

riscv
scf

Existing Ours

Register Allocation

target-specific

xdsl.dev

https://xdsl.dev/


scf+arith dialects

%c0   = arith.constant 0 : index
%c128 = arith.constant 128 : index
%c1   = arith.constant 1 : index

scf.for %arg4 = %c0 to %c128 step %c1 {
  %x = memref.load %arg1[%arg4] : memref<128xf64>

  %y = memref.load %arg2[%arg4] : memref<128xf64>

  %z = arith.addf %x, %y : f64
  memref.store %z, %arg3[%arg4] : memref<128xf64>
}
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riscv dialects

%c0    = riscv.li 0 : !riscv.reg<>
%c1024 = riscv.li 1024 : !riscv.reg<>
%c8    = riscv.li 8 : !riscv.reg<>

riscv_scf.for %arg4 : !riscv.reg<> = %c0 to %c1024 step %c8 {
  %xi = riscv.add %arg0, %arg4 : !riscv.reg<>
  %x  = riscv.flw %xi, 0 : !riscv.freg<>
  %yi = riscv.add %arg1, %arg4 : !riscv.reg<>
  %y  = riscv.flw %yi, 0 : !riscv.freg<>
  %zi = riscv.add %arg2, %arg4 : !riscv.reg<>
  %z  = riscv.fadd.d %x, %y : !riscv.freg<>
  riscv.fsw %zi, %z, 0
}
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Evaluation

43
FPU utilization



Evaluation
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FPU utilization



How do we distribute across clusters?
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L1
Hive

Shared
Mul/Div

Snitch Cluster

Peripherals

Interconnect

Snitch
Core

0

Snitch
Core

1

Snitch
Core
N-1



View over the Memory Hierarchy
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+=micro

inner

general

  *



Quidditch Compiler
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Quidditch

IREE Quidditch 
Backend

Passes

Dialects

Runtime

Neural
Network

Binary

Linalg

Micro 
Kernels

github.com/opencompl/quidditch



Workgroup Tiling
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TCDM
Hive

Shared
Mul/Div

Snitch Cluster

Peripherals

Interconnect

Snitch
Core

0

Snitch
Core

1

Snitch
Core
N-1

Workgroup Tiling



Tiling across the Memory Hierarchy
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Workgroup Tiling

CC 
0

CC 
n

…

L1 (128KB)

L1 Tiling

Snitch
Core

0

Snitch
Core
N-1



Tiling across the Memory Hierarchy
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Workgroup Tiling L1 Tiling Core Tiling



NsNet2 on a Snitch Cluster (8 cores)
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22x
speedup



NN Compilers for Custom HW Accelerators
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Progressively tailored abstractions can maximize concurrency 
and utilization of custom accelerators

Efficient memory management leveraging hierarchy 
characteristics and constraints
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xdsl.dev


